Matrix certified reference materials (CRMs) are versatile tools to support quality, correctness and credibility of measurement results. CRMs are used to provide the traceability of the measurement results to the SI unit. Seven low alloy steel certified reference materials were developed by the national institute of standards (NIS), Egypt. Homogeneity is studied using x-ray fluorescence spectrometer (XRF) and optical emission spectrometer (OES). The characterization of RMs was performed using independent chemical methods as gravimetric methods, x-ray fluorescence spectrometry, optical emission spectrometry and atomic absorption spectrometry. Both the assigned values and their associated uncertainty were calculated by weighted mean approach after the statistical analysis of the results of measurements for the homogeneity of variances, equality of means, normality of data and outliers.
Introduction
The quantities of steel products used for different industrial activities are enormous. The determination of chemical composition of steel products is important not only for the users but also for the manufacturing as well. The assessment of compliance of iron and steel products with their technical specifications is the main tool to judge their quality and to decide their industrial application. This assessment is done by measurements using different techniques such as X-ray fluorescence spectrometry (XRF), optical emission spectrometry which were produced by the research institute of CKD, Praha, CSFR (Czech Republic). They have been analyzed using atomic emission spectrometry with inductively coupled plasma (ICP-AES), atomic absorption spectrometry with flame and graphite furnace atomization (FAAS, GFAAS), differential pulse anodic stripping voltammetry (DPASV), X-ray fluorescence analysis with total reflection sample carrier (TXRF) and instrumental neutron activation analysis (INAA). The authors reported that over 90 % of all results were in good agreement with the values determined by wet analytical methods. They, moreover, owed the deviations to systematical errors for special elements analyzed by distinct methods and to statistical errors for other elements which have low concentrations and were not homogeneously distributed in the given material [Hoffmann P.-1992] .
In the present work, seven compositions of low alloy steel are prepared. The process of certification and characterization is described in the ISO Guide 35 [1992] . These reference materials are certified for mass fraction of carbon, silicon, phosphorus, sulphur, manganese, chromium, nickel, tin, molybdenum, copper, cobalt, aluminum, titanium and vanadium using independent analytical methods. Both the assigned values and their associated uncertainty are calculated by weighted mean approach according to Paule and Mandel approach [Schilier S.B. -1991] after the statistical evaluation of measured results for the homogeneity of variances, equality of means, normality of data and outliers.
Materials and Methods

Raw materials and steel production
Low carbon steel (carbon ≤ 0.1 %), ferrosilicon alloy (silicon content: 75%), low carbon ferromanganese alloy (carbon ≤ 0.1 % and manganese content: 80%), pure metallic copper (99.50%), pure nickel, (99.5%), low carbon ferrochromium (carbon ≤ 0.1 % and chromium content: 70%) and Ferrovanadium alloy (vanadium content: 70 %) are used for the manufacture of low alloy steel. The production technology is developed to guarantee the maximum homogeneity of readability of the chemical composition of these alloys.
Melting was conducted in a medium frequency electric induction furnace with 100 kg capacity at Central Metallurgical Research and Development Institute (CMRDI) experimental foundry, (El Tabeen-Egypt). Low carbon steel containing ≥ 0.1% carbon was charged at the top of the furnace crucible and remelted at certain temperatures. During the melting process, some elements such as nickel, chromium, manganese, vanadium, tungsten and other elements were added to improve properties of the produced steel. After the addition of the desired elements, the furnace temperature was raised to 1550 °C for 10 minutes. The hot liquid steel was transported into certain thermal crucibles with the addition of 0.02% of aluminum to remove the oxygen. Special designed water cooled copper molds were used for steel casting to ensure the maximum cooling rates, to minimize the segregation of the alloying elements and to maximize the homogeneity of the produced steel.
Chemicals and reagents for sample digestion
Nitric acid, 69% was purchased from Analar, England. Hydrochloric acid, 37% and hydrofluoric acid, 40% were obtained from Merck, Germany. Lanthanum chloride, 99.99% and cesium chloride, 99.9% were obtained from Alfa Aesar, Germany. Hydrogen peroxide 30% and ammonium persulphate were purchased from Elnasr Co., Egypt.
Analytical instruments
X-ray fluorescence spectrometer (XRF), Axios, Panalytical, Elmelo, the Netherlands, with Rhodium target, V=60 kV and A=160 mA is used for the quantitative analysis and homogeneity study. The atomic absorption spectrometer (AAS) (ZEEnit 700, Analytik Jena, Germany) used for quantitative analysis was equipped with a hollow cathode of the element operated at a current recommended by the lamp and instrument manufacturer. An automatic deuterium background-correction was used for flame atomizer measurement. Microwave digestion instrument, TOPwave Analytic Jena, Germany, was used for sample preparation.
Optical emission spectrometer (OES), Analytical Instrument, Thermo Electron, USA, is used for the quantitative analysis as well. Combustion cell, Leco, U.S.A. was used for direct analysis of carbon in oxygen atmosphere.
Sample preparation for atomic absorption spectrometer (AAS)
Wet preparation
Half gram of sample is weighed and transferred into 100 mL volumetric flask. 25 mL of 3N sulphuric acid are added and then heated until sample was completely dissolved then10 mL of 12 % ammonium persulfate solution are added. The sample is boiled vigorously until a clear solution is obtained. It is left to cool then diluted to the specified volume with deionized water [Perkin Elmer publication-1996].
Microwave digestion preparation
Two hundred mg of the sample are weighed into the digestion vessel. 3 mL of HNO 3 , 3 mL of HCl and 3 mL of HF are added. The mixture is stirred carefully and the sample is left for 10 minutes before closing the microwave vessel [Perkin Elmer publication-1996]. Parallel with the sample preparation, the same procedure is used to prepare a blank sample using the same quantities of all the reagents. Also two NIST SRMs are used to check the accuracy of the measurements.
Homogeneity study
The produced steel samples are divided into several groups. Each group is labeled prior to analyses. The samples are selected from all groups to ensure good sample representation. The selected samples are polished and quantitatively measured using XRF and OES to check the homogeneity of the prepared samples. Every sample is measured three times in order to check the within and between sample variability [ASTM international E572-02a]. The calibration of XRF is performed using NIST SRMs1765, 1766 SRMs1765, , 1767 SRMs1765, , 1761a SRMs1765, , 1762a SRMs1765, , 1261a and 1263a which were certified for carbon, aluminum, silicon, phosphorus, sulfur, titanium, vanadium, chromium, manganese, cobalt, nickel, cupper, arsenic and molybdenum. Two control samples are used to check the drift of XRF during measurements. One way-analysis of variance (ANOVA) is used to judge the homogeneity of the samples.
Results and discussion
Seven sets of low alloy steel were produced and quantitatively analyzed. They were labeled in the alphabetical order (A, B, C, D, F, K & S). The chemical compositions (%) of the produced alloys are shown in Table 1 .
Traceability of measurements
The traceability is achieved by using NIST SRMs for XRF, OES and AAS calibrations which are1765, 1766, 1767, 1761a, 1762a, 1261a, 361, 363,1261a, 1262a and 1263a.
Homogeneity study
The homogeneity study is designed so that the between sample variability and within sample variability can be studied [ α (=5%) is small which means that the result of the homogeneity is insignificant. Thus, it can be concluded that the samples were homogenous. The uncertainty of the material homogeneity, σ h 2 , is also calculated from the ANOVA using equation (1).
(1)
Where, MS between is the mean square for the between sample variability, MS within is mean square for the within sample variability and n is the three measurements taken for each of the 6 samples. Values of P-values, F cal , F Crit and for batch D as an example are shown in The mass fractions of these elements are reported as information values in the certification process. 
Assignment of reference value and its uncertainty
Uncertainty of measurements of the mean of each method
Since more than one analytical method are compared to determine the certified value, it is important that the variability of the mean for each method is estimated correctly [Adel B. S.-
2010, Eurachem/Citac guide CG 4-1993].
In order to estimate the standard uncertainty of the mean, two-way fully nested ANOVA was used to determine which design factors have a significant effect on the measurements. To calculate the type A uncertainty of each of the method means, equation (2) is used.
Where Var(y) is type A uncertainty, MS sample is the sample mean square, MS run is the run mean square and MS error is error mean square.
Between method variance and method weights
The measured values produced by each method are modeled as the sum of the true value (m), method bias (b i ) and random error (e ij ) using equation ( 
The weighing factor (w i ) is given by:
And the weighted average of the s is calculated from:
The combined uncertainty
The combined standard uncertainty of the weighted mean ( ) is the weighted root sum of squares of the combined standard uncertainties for the methods according to: 
In order to estimate an appropriate interval for the certified value, the effective degree of freedom of the total variance is estimated according to SATTERTHWATTE formula which is:
Where, df h is the number of samples measured induplicate for material variability estimation minus one.
The total expanded uncertainty (U) associated with the certified values is according to:
Where, is the weighted combined standard uncertainty and is the uncertainty of the material heterogeneity.
The certified values and their associated expanded uncertainties are shown in Table 4 . Values edited in bold are information values since they did not pass the test for normality of data and the between method variance was very large as well. In addition there was a large difference between the means of the analytical methods used for analysis. Therefore, it was not possible to estimate the associated uncertainties in clear traceability to the SI units.
Conclusion
Low alloy steel reference materials were manufactured and certified for the mass fraction content of carbon, silicon, manganese, phosphorus, sulfur, chromium, nickel, copper, molybdenum, vanadium, tungsten, aluminum, cobalt and niobium using six independent analytical methods in four different laboratories. 
